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TRIP B-5
IGNEOUS ROCKS OF THE SEABROOK, NEW HAMPSHIRE NEWBURY, MASSACHUSETTS AREA_/
Andrew F. Shride
U.S. Geological Survey
Denver, Colorado 80225
Introduction
The purpose of Trip B-5 is to examine the petrographic
variety of rocks that compose the syntectonic Newburyport pluton,
and to compare those rocks with rather different intrusive rocks
that occur south of the pluton but which have previously been
considered transitional into the Newburyport.

The core of the

Newburyport pluton is made up mostly of medium-grained quartz
monzonite and granodiorite; in the type area immediately across
the Merrimack River, southwest from Stop 1, such rocks were
designated Newburyport Quartz Diorite

(Emerson, 1917, p. 177-178).

A belt of coarse porphyritic granodiorite flanks the core rocks
on the north and west, and in turn grades abruptly to lightcolored gneissoid granodiorite and quartz diorite along the
northern margin of the pluton (fig. 1).
The porphyritic granodiorite early was designated separately
from the Newburyport, and the proposals of Emerson (1917, p. 176)
and Clapp (1921, p. 24) that this rock be considered correlative
with the Dedham Granodiorite have long been accepted.

Only

recently, Novotny (1969, p. 16) has indicated correctly that the
porphyritic granodiorite is a part of the Newburyport pluton.
Petrographically it has much in common with the Ayer Granite,
exposed some tens of miles to the west and southwest.

From

structural, textural, and mineralogical comparisons, L. R. Page
(oral commun., 1970) suggests that the Newburyport is of the New
Hampshire Plutonic Series; he further suggests that the porphy
ritic part then would resemble the Kinsman Quartz Monzonite and
the gneissoid quartz diorite might compare with the Bethlehem
Gneiss.
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A regional fault, roughly parallel to and along Scotland
Road

(fig. 1), defines the south boundary of the Newburyport

pluton.
Rocks south of this fault, long considered to be transitional
phases between the Newburyport and the Salem Gabbro-Diorite
(Emerson, 1917, p. 178), are now recognized as units with histories
quite separate from either of those plutons.

A fine-grained dark

diorite, only superficially like the Salem and not to be equated
with it, is the most widespread plutonic rock just south of the
Scotland Road fault.

Small bodies of a pink quartz monzonite,

petrographically so distinctive as to be easily distinguished
from other granitoid rocks of the region, intrude the dark diorite
and its metamorphic

host rocks

(fig. 1).

The dark diorite

characteristically has borders of intrusion breccia.

The more

feldspathic hybrid rocks of these borders are not readily
distinguished from granitoid breccias formed later where the pink
quartz monzonite invaded the diorite.

Feldspathized breccias

associated with the quartz monzonite are the rocks most like the
Newburyport Quartz Diorite, and apparently are the basis of the
supposed transitional facies.

Actually none of these rocks exists

north of the Scotland Road fault in the quadrangles traversed
during this trip.
This excursion progresses north from the Newburyport East
quadrangle into the Hampton, N.H. quadrangle, turns back south
ward via U.S. Route 95 and ends in the Newburyport West quadrangle.
Thereafter, if time permits, those interested will have the
option of viewing some of the more accessible outcrops of the
Newbury Volcanic Complex in the northeastern part of the
Georgetown quadrangle.
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ROAD LOG FOR TRIP B-5
Those arriving from Concord should leave U.S. Route 495 via
the exit to Salisbury on Massachusetts Route 110. From the
point of exit proceed 1.1 miles east, past the interchange to
U.S. Route 95, to the first intersection with a traffic light,
which is also marked by a large sign identifying the Cross
Roads Plaza shopping center. Continue through the light, turn
right 200 feet beyond and assemble at the north end of the
shopping center parking area by 9:15 a.m.
Mileage
0.0

Start at above traffic light (junction Elm St. and Rabbit
Rd.). Drive east on Route 110.

2.0

Tricky intersection.
BE PREPARED TO STOP.
Bear slightly
left at 3-way junction and continue east on middle fork.

2.1

STOP SIGN.

3.2

STOP 1
In quarry behind outcrop on left. Pull ahead 100
and park off road on right.
The Newburyport Quartz Diorite exposed here is perhaps
midway in the narrow range of petrographic variations extant
in the core of the pluton. The fabric, grain size, content
of clear gray quartz and of accessory pyrite and sphene are
characteristic.
In the type area, 1 to 3 miles to the
southwest, saussuritization is pervasive and consequently,
a red and green mottling is characteristic of weathered
surfaces.
In the type area, completely chloritized biotite
is the only mafic constituent; furthermore, the biotite
occurs as euhedral books, with thicknesses 1/2 to 1 1/2
times the diameters.
The rock at Stop 1 differs in that:
1) saussuritization is not as complete, 2) Mafic minerals
somewhat more abundant and include hornblende, and
3) ovoid dioritic inclusions are common rather than sparse.
, also, only a hint of the red-green mottling exists,
much of the biotite and hornblende is bright, and the
biotites are not as well formed. These trends in petro
graphic variations will be seen to be accentuated as we
move north toward the border of the pluton.

Turn right, with CAUTION, onto U.S. Route 1.

After discussion, vehicles turn around and proceed north on
Route 1.
4.6

Traffic lights at junction Routes 1, 1A, and 110 in
Salisbury. CAUTION, diagonal intersection.
Bear toward
and then to left of church ahead, on U.S. Route 1.

5.2

Intersection just short of railroad overpass— turn sharp
right onto Gerrish Road.

5.6

Turn left onto Seabrook Road.
All outcrops along road are Newburyport Quartz Diorite.
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6.0

STOP 2 Quarry on left. Compared with the rock at Stop 1,
this Newburyport is less altered, mafic content is increased,
biotite books are thinner and not as well formed, and inclu
sions are much more abundant.
In this general area some
outcrops exhibit abundant platelike schistose inclusions,
aligned like great schools of fish. Ovoid inclusions may
occur in the same outcrops with the platelike inclusions.
Trap dikes, such as the one in the west wall of the quarry,
are especially numerous in this area but occur throughout
the region. They are the only intrusive rocks that occur on
both sides of the regional Scotland Road fault.
Continue north on Seabrook road.

6.5

Quarry on left. Newburyport here is still more mafic, and
aligned inclusions make up a greater part of rock.

6.6

Massachusetts-New Hampshire State line.

7.0

Junction with South Main Street, South Seabrook. TURN RIGHT.
At this point we are almost on the contact between the
nonporphyritic granodiorite of the Newburyport type and the
porphyritic granodiorite that will be seen at Stop 3; and
we follow this northeast-trending contact along the next
several hundred feet of highway.
In the outcrop behind the
brown house just north and to the east of the junction, a
narrow 100-foot-long dike of nonporphyritic Newburyport has
sharp walls against the porphyritic host rock. A similar
400-foot-long apophysis exists about 200 feet northeast of
the junction. Clots of large phenocrysts occur sparsely in
these dikes.
In several other localities relations are
reversed, in that dikes of the porphyritic rock transect
the nonporphyritic rock.

7.7

Junction with New Hampshire Route 286.
Islands in marsh
2,000 feet to the north and outcrops in woods 2,500 feet
to northwest include metasedimentary rocks that are part
of a pendant, 400 feet wide and 3,000 feet long. These
rocks range from fine-grained calc-silicates (originally
cherty (?) carbonate strata) to medium-grained feldspathic
sandstones.
Sillimanite occurs sparsely in this pendant
and abundantly in other pendants within the next half mile
to the north. These strata differ in lithology and higher
metamorphic rank from rocks of the Merrimack Group that
bound the pluton 2 miles farther north.

Marker on left.

TURN RIGHT
7.8
to
8.0

STOP 3 Porphyritic granodiorite zone of Newburyport pluton,
(Park on south shoulder, off pavement as far as possible.)
On casual observation the groundmass of this variety seems
similar to the Newburyport.
Potassium feldspar, however,
is confined almost entirely to the phenocrysts, as is
brought out by weathering in these particular outcrops.
Except for books enclosed in the phenocrysts, the biotites
are poorly formed and in aggregates of flakes. The pheno
crysts ordinarily are conspicuously twinned and 3/4 inch to

Hi

1 1/2 inches in maximum dimension -- as here, but locally
are as much as 3 1/2 inches across. They may make up 35
percent of the rock, but typically make up 15-25
The phenocrysts and diorite inclusions -- the latter comparto those in the nonporphyritic Newburyport -- commonly
exhibit nearly parallel alignment, as in parts of this
outcrop.
In this outcrop, also, we begin to see the narrow
aplite and pegmatite dikes that are more abundant in gneissoid plutonic rock to the north. The porphyritic phase
here occupies a belt 1 mile to 1 1/2 miles wide; transitions
to the adjacent rock types are ordinarily abrupt.

8.7
8.8

to
8.9

Turn cars around off road at east end of outcrop, and
return west on Route 286.
Road on right gives access to pendant noted at mile 7.7.
Outcrop on left, mainly of porphyritic granodiorite but in
part gneissoid and nonporphyritic, displays mineral align
ments, aplitic dilation dikes and other planar features
indicative of various stresses during late stages of
crystallization.

9.2

Traffic light.

BE PREPARED TO STOP.

9.3

Porphyritic granodiorite on left.

9.5

STOP 4 Pass in front of Seabrook Fire Station which is
on south side of highway, turn left and park in southwest
corner of paved area.
First to be observed, behind the fire station, will be the
variety of textural and structural features that characterize
a 200-foot-wide margin of the porphyritic granodiorite.
Then, on a short traverse southwest from the parking lot,
the abruptness with which such material gives way to "normal"
nonporphyritic granodiorite will be noted.
Continue west on Route 286.

9.6

Railroad overpass and State line.

(Odometer check point.)

9.9

Turn right, 200 feet short of traffic light, and USE CARE
in moving onto U.S. Route 1.

10.3

Road junction in Smithtown; continue north.

11.7

CAUTION, traffic light at junction U.S. Route 1 and New
Hampshire Route 107 in Seabrook. Continue ahead.

12.0

Turn right onto Rocks Road.
(Had we continued ahead on U.S. Route 1: (1) At a point
0.1 mile beyond the turnoff and on the right are
of some of the intrusion breccia that will be seen at
Stop 5.
(2) At a point 0.7 mile beyond the turnoff, in
a small outcrop on the left, is a fine-grained laminated
calc-silicate rock interlayered with siltstone -- presum
ably the Kittery Quartzite -- that is the host rock along
this perimeter of the Newburyport pluton.)

12.7

Bridge over railroad.
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13.0

Outcrop on left of dark diorite that is part of intrusion
breccia at Stop 5.

13.3

End of Rocks Road;
0.2 mile.

13.5

STOP 5
Walk along woods path to edge of marsh, 700 feet
to southeast. Observe outcrops along border of marsh, then
return to road via outcrops along power line 1,000 feet to
the west.

continue around loop and retrace

last

Characteristic of at least the northern exposures of the
Newburyport pluton is a peripheral belt of distinctive
gneissoid (protoclastic) rock with definite affinities
to the rocks viewed earlier. At this stop this belt is
northeast trending and almost a mile wide. Along the
southern margin of the belt the gneiss is transitional
into the porphyritic granodiorite. There it may be
granodiorite; through much of the belt, however, the
potassium feldspar content is low and the rock is better
described as a highly quartzose diorite. The gneissoid
rock contains appreciably more quartz than the nongneissoid
varieties. Lenticular aggregates of fine-grained quartz
which project conspicuously on surfaces that have been
exposed to salt water, and ragged flaky biotite, generally
little altered, define the foliation.
Hornblende is found
only where the gneiss is bordered by more mafic rock or
contains abundant mafic schlieren.
A traverse across the marsh in this peripheral belt is not
feasible for the group. Fortunately, much of the petro
graphic variation to be seen on a broader scale is tele
scoped into a few outcrops at this stop at the border of
the belt. Note especially:
(1) the "quartz-eyed" gneiss,
and its textural relations to inclusions and the porphytitic
rock;
(2) the abrupt transitions between petrographic
varieties;
(3) the alignments of inclusions and phenocrysts
in relation to foliation and the boundaries between host
types; and (4)the internal makeup of the inclusions.
On the return along the power line variations in an
intrusion breccia made up largely of a more mafic diorite,
which locally borders the leucocratic part of the pluton
in this particular area, will be viewed.
Return

to U.S. Route 1.

14.7

Turn left onto U.S. Route 1.
as possible.

Move to right lane as soon

15.0

Turn right, at TRAFFIC LIGHT, onto Route 107.

15.4

Leave Route 107 at second
Route 95.

15.7

On U.S. Route 95 and beneath Route 107 overpass
check point).

(south-heading) exit to U.S.
(odometer
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16.1

Outcrops on right. Gneissoid granodiortie that fringes
Newburyport pluton.

18.1

Off-lane to U.S. Route 495.

19.8

Outcrops on right are of the "core" or typical Newburyport.
The rock here is especially green because it is locally
and is altered to a greater deqree than is usual.

20.1

North abutment Merrimack River bridge.

21.4

Massachusetts Route 113 overpass (odometer check point).
Outcrops readily noted within the next 1.3 miles are the
porphyritic granodiorite. On the left at mile 22.1
outcrops of nonporphyritic Newburyport are visible
fleetingly. For 1/4 mile in that vicinity U.S. Route 95
virtually follows a north-trending fault boundary between
the two rock types. As a consequence of shattering, the
rocks are much altered and the convenient roadcuts are not
entirely representative of this part of the pluton.

23.8

Projected position -- closely controlled by outcrops -of Scotland Road fault, which here strikes N. 73° E.
South of this fault -- at least as traced along a length
of 17 miles -- rocks of the Newburyport pluton are absent
Nor do the distinctive rocks that will be seen next exist
north of the fault.
Skehan (1968) has interpreted this
to be the northeastern extension of the master fault of
the group that he studied carefully in the WachusettMarlborough tunnel, 45 miles to the southwest.

23.9
to
24.1

Outcrops on left of hybrid rock, mainly fine-grained
diorite, such as will be seen at Stop 7. At south end
of exposure are good examples of the Triassic (?) trap
dikes common in this terrane.

24.1

Leave U.S. Route 95 via exit to Scotland Road.

24.3

Junction with Scotland Road; turn right.

Stay left on U.S. Route 95.

Will return later and park 300 feet west of here for
Stop 7. Scotland Road becomes South Street beyond that
point. The many outcrops farther along South Street are
mainly like those to be seen at Stop 6, though some
compare to those of Stop 7.
25.2

CAUTION: Traffic can be hazardous at junction.
Slow at
town line sign and take right fork, staying on South
than the more travelled Main

25.5

Junction, take right fork onto Moulton Street.

25.6
to
25.8

STOP 6 Fine-grained dark diorite.
Pull to far end of
outcrop and stop as far off road as possible.
The diorite south of the fault contrasts with the Newburyport
to the north in that it is much finer grained and texturally
distinctive, is much darker in color and lower in quartz
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content.
Hornblende, euhedral and commonly little altered,
is the principal mafic mineral and in places -- as at
Stop 6 -- almost the only mafic mineral; some facies
contain appreciable biotite.
Epidote is ubiquituous
along fractures and the mafic minerals are locally
chloritized, but the plagioclase is not pervasively
saussuritized, and the rock lacks the green cast seen
through much of the Newburyport pluton.
Indeed, the
plagioclase, which commonly weathers somewhat opaque and
orange-pink, typically is glassy on a fresh break.
Characteristically the grain size, within the usual range
of 0.5 - 2mm., is locally variable. Also, on a broader
scale, the quartz content varies erratically; some
exposures show very little quartz, others contain in
excess of 15 percent.
Diorite of this character extends at least through the
Georgetown 7 1/2-minute quadrangle to the south, as well
as some distance west. For decades it was equated with
the possibly contiguous Salem Gabbro-Diorite.
Recently,
Toulmin (1964) and Castle (1965) have suggested — mainly
because the Salem is pyroxene bearing and altered -- that
these dioritic rocks be designated separate formations.
Additional criteria for their separation are needed.
Continue northwest on Moulton Street.
26.0

Junction with Brickett Street. Make tight U-turn and
reverse course along Moulton Street.

26.5

Turn left onto South Street.

26.8

Junction onto Main Street.
merging blind from right.

27.6

STOP 7 Park in open area on left side of road, just
west of interchange. Outcrops to 1,000 feet west of
Route 95 underpass may prove of interest.
BE CAREFUL
of traffic near interchange.

CAUTION, watch for traffic

The fine-grained diorite is commonly bordered by
intrusion breccia. Farther away many inclusions of the
wall rock may contaminate the mass;
these inclusions -partly assimilated -- triggered a broader spectrum of
petrographic variations than was seen at Stop 6. If the
inclusions are amphibolite, not greatly different from
the diorite in composition (as at the latitude of Stop 7),
distinguishing between host and intrusion can be difficult.
In this vicinity a petrographic variety ranging from
foliated to massive and from very fine grained to coarse
grained can be viewed.
In outcrops along U.S. Route 95
3.5 to 3.8 miles south from this interchange more
feldspathic -- and spectacular -- breccias represent a
border phase between the diorite and a quartz-plagioclase
gneiss.
At Stops 10 and 11 some aspects of a later-former intrusion
breccia, extant where a quartz monzonite invaded the dio
rite, will be compared with features at Stop 7.
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Continue east on Scotland Road.
27.8

Underpass beneath U.S. Route 95 (odometer check point).

28.2

Outcrops on right are fine-grained diorite comparable
to those at Stop 6.

28.8
to
29.2

At 9 o'clock, and 800-1,000 feet north of road, are large
outcrops of Newburyport characteristic of the type area,
in that thick books of biotite are the only mafic mineral.
Biotite is chloritized and feldspar is thoroughly
saussuritized.
Hills to right are underlain mainly by
the fine-grained diorite; sporadically exposed are the
metamorphic rocks -- especially amphibolites, but including
some calc-silicate and quartzite units — that are the
local host for the diorite. The Chipman Mine and other
silver-lead-zinc occurrences that were the sites for the
Newburyport silver "rush" of 1875 are also in these hills.
The Scotland Road fault lies between these two outcrop
areas, and closely parallels Scotland Road as far as we
traverse it. The fault is exposed not far northwest and
northeast of Stop 6, but not in this immediate area.

29.9

Turn right, onto Highfield Road.

30.2

STOP 8 Park to left and right on abandoned railroad
grade, as directed.
Numerous outcrops through several tens of acres in this
vicinity are of the amphibolite and associated lesser
calc-silicate and quartzite layers that are the host for
the fine-grained diorite in the Newburyport West and
East quadrangles. The outcrop along the grade just west
of Highfield Road is typical of schist that is largely
unmodified at some distance from a diorite or quartz
monzonite intrusion.
In the vicinity of Stop 7 this rock
occurs as inclusions in the diorite.
Continue south on Highfield Road.

30.6

Junction, turn right onto Middle Street.

31.4

Junction with Boston Street, continue ahead.

31.6

Though not readily viewed here, the rounded knob on the
right has a thin capping of the dark diorite irregularly
penetrated at the base of the outcrop by pink quartz
monzonite.
Similar relations are seen in many outcrops
in a belt about 1/2 mile wide southwest from here. The
apophyses that finger up into the diorite (and into
previously formed diorite-amphibolite intrusion breccias)
along this belt trend about N. 60° E., as do long
segments of the contacts that bound a 3/4-mile-wide belt
of quartz monzonite that is just south of here.
Conspicuous outcrops and erratics along the next 0.6 mile
are of the quartz monzonite.

32.4

33.4
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Road fork, turn right onto Orchard Street. Outcrops along
the next 0.7 mile reflect a resistant granodioritic
border phase of the quartz monzonite, formed where
abundant xenoliths (now mainly seen only as "ghosts")
were assimilated. Along this interval the granodiorite
separates slivers of diorite as much as 200 feet wide.
This border phase lacks the pink color of the main mass
and contains hornblende, which is unusual in the quartz
monzonite. Atypically, also, the mafic constituents are
chloritized.
Turn right onto gravel road at entrance of Newbury
Wildlife Management Area.
STOP 9 Outcrop behind Massachusetts Division of Fish
and Game building on right. This quartz monzonite is
characterized by pink translucent feldspar, clear quartz,
and bright irregular flakes of biotite. A medium-grained
seriate fabric typifies about 60 percent of exposures;
most that remains is porphyritic.
Except where altered
in faulted areas and in border phases of the sort noted
under mileage 32.4, chlorite and saussurite are generally
lacking. A seemingly alaskitic variety occurs widely as
rusty-weathering rubble. On close examination this
proves to be one of the above varieties locally somewhat
granulated in and near shear zones, and is "alaskitic"
only because the biotite readily leaches away.
Typical specimens of the two most abundant varieties
are seen even more readily in blocks blasted from the
road 700 feet farther north.
If time permits, a brief
stop will be made there.
Continue north into game management area.

33.8

Turn left at road fork. Although the track ahead is
one-way and dirt it is adequately maintained for lowslung vehicles.
Though not obvious, for lack of outcrops along road,
the contact between the diorite (to the north) and
the quartz monzonite was crossed about 400 feet back, and
all outcrops along the next 1/2 mile are of the diorite.

34.3

STOP 10 Pull far enough off road to permit cars to pass.
Outcrops 100-400 feet west along the trail (once the site
of Downfall Street) show subtle effects of quartz monzonite
intrusion into the fine-grained diorite. This border
phase of an intrusion breccia can easily be confused with
the breccia seen at Stop 7, but the granitoid dikes and
matrix here have characteristics seen in the laterformed breccias that will be viewed 1,500-2,000 feet to
the east at Stop 11.
Again, good examples of the "trap" dikes can be viewed.
Return to cars and continue north along gravel road.

34.7

Turn right onto abandoned railroad grade.
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35.0

Turn right off railroad grade.

35.2

STOP 11

Park to permit passage of cars from rear.

Principal outcrop of interest is 200 feet south-southwest
of this junction with ','Downfall Street".
It exposes a
complex intrusion breccia of diorite and its host, which
is in turn transected by dikes and irregular apophyses
representing the quartz monzonite.
Blocks in the wall
just to the north along Downfall Street further illustrate
the fine-grained diorite partly assimilated adjacent to
the granitoid rock.
Occurrences of such mixed rocks are conspicuous to the
east along the Newburyport turnpike. The presumption that
these are (1) transitions between the Newburyport and the
finer grained dark diorite (with its amphibolite host,
once collectively regarded as the Salem Gabbro-Diorite)
as well as (2) between the diorite and the pink quartz
monzonite (earlier equated with the Dedham) was
apparently the basis for interpreting that all were
members of a consanguineous series.
35.7

Continue south.

35.8

Back at fork in road; continue ahead.

36.1

Back at Orchard Street entrance to game management area.

END OF TRIP
Exit Instructions
If exiting via U.S. Route 95: turn right and at junction
with Central Street, 1.1 miles distant, keep right; then enter
U.S. Route 95 at Byfield interchange 0.8 mile farther along.
If exiting via U.S. Route 1 (Newburyport Turnpike):
turn
left, retrace route along Orchard and Middle Streets to junction
2.0 miles distant, turn right onto Boston Street, and 0.2 mile
farther along enter U.S. Route 1.

